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ABSTRACT
One of the first x-ray sources optically identified as a chromospherically active star, HD 8357=AR Piscium,
is a double-lined binary consisting of a Kl IV primary and G7 V secondary. Careful examination of the
Ca II H and K lines indicates that only the primary is active, having strong Ca il H and K, Hé, and Ha
emission. The system has an orbital period of 14.3023 days and an eccentricity of 0.185. Such an
eccentricity is not particularly unusual for chromospherically active stars with periods between 10 and 20
days. An assumed mass of 0.92
for the secondary results in a 1.12
for the subgiant primary and
an orbital inclination of 30°. Projected rotational velocities for the primary and secondary are 6.5±2 and
3.5±2 kms-1, respectively. Lithium abundances for the two stars are significantly different with
log é(Li)=2.0 for the primary and ^1.35 for the secondary. While the abundance of the subgiant is
consistent with standard theory, comparison with a survey of other field subgiants suggests that it may be
lithium rich. Individual theoretical evolutionary tracks and cluster ages suggest an age of 7-8 Gyr. HD 8357
is a star of the intermediate-disk population having a distance of 39 pc or a parallax of 0.026". © 1996
American Astronomical Society.

1. INTRODUCTION
HD 8357=AR Piscium [a=01h22m56.8s, ¿=7°25'09"
(2000)] is a relatively bright, V=1.2A, chromospherically active binary. Garcia et al (1980) focused extensive interest on
this system when they identified it with the HEAO-l transient hard x-ray source H0123+075. Thus, HD 8357 is one
of the first chromospherically active stars to be discovered in
this manner. A similar early identification was made for the
star now known as DM UMa=BD+61°1211 (Crampton
et al 1979). More recently, HD 8357 was identified as an
extreme ultraviolet (EUV) source in an all-sky survey with
the Wide Field Camera of ROSAT (Pounds et al 1993). It is
also listed in the second Extreme-Ultraviolet Explorer source
catalog (Bowyer et al 1996). Over the past dozen years, the
optical identification of x-ray and EUV sources has become
one of the most successful methods of discovering new chromospherically active stars.
Garcia et al (1980) obtained several high-resolution
echelle spectrograms of the 3933 Â region that showed extremely strong K line emission, which rose well above the
continuum. From a cross-correlation analysis of several spectra they concluded that the system is double lined and that
the Call K emission feature comes primarily from the
stronger-lined star. The characteristics of the system led
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them to suggest that it is an RS CVn binary. Bopp (1984)
obtained a spectrogram of the Call H and K region and
noted the presence of Hé in emission, which is normally a
characteristic of only the most active systems.
Liu & Tan (1984) followed by Fekel et al (1986) found
that Ha is in emission above the continuum. Fekel et al
(1986) noted that as with the Ca il K emission, the Ha emission above the continuum appears to be associated with the
primary star. Such strong Ha emission has been seen in only
the most active binaries, including UX Ari, II Peg, V711
Tau, XX Tri, and DM UMa.
Shortly after its identification as a chromospherically active star, Hall et al (1982) obtained photometric observations that showed the system to be variable. The light curve
at that epoch was roughly sinusoidal in shape with a total
range in V of 0.08 mag and a photometric period of 12.3
days. They found a mean B — V of 0.87 mag. Additional
photometric analyses have been done by Strassmeier et al
(1989), Nelson & Zeilik (1990), and Cutispoto (1991, 1995).
Analysis of the x-ray data was done by Ambruster et al
(1984) who discussed the properties of two x-ray flares that
occurred in 1978 January. In an extensive search for optical
flares, Henry & Newsom (1996) examined UBV photometry
of 69 chromospherically active stars. HD 8357 was one of
only three stars for which optical flares were found.
In addition to x-ray, EUV, and optical-wavelength observations, HD 8357 has been included in several surveys done
at radio wavelengths near 6 cm. Its continuum emission has
been detected by Slee et al (1987), Morris & Mutel (1988),
and Drake et al (1989). It has also been identified as an
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infrared source at 12 yarn with IRAS (Schaefer 1986; Yerma
et al. 1987).
Preliminary orbital elements were first given by Fekel
et al. (1986), who found that the orbital and photometric
periods were significantly different, 14.3 vs 12.3 days, respectively. Hall (1986) showed that those periods are consistent with pseudosynchronous rotation (Hut 1981).
In the present paper we analyze our extensive set of radial
velocities to obtain orbital elements and discuss the fundamental properties of this extremely active binary system. The
current results supersede previously published preliminary
results such as those given in Fekel et al. (1986) and in the
catalogs of Strassmeier et al. (1988, 1993). Since we primarily discuss spectroscopic observations, we identify the system by its HD number. The more massive and stronger-lined
star at red wavelengths is the primary or component A of this
double-lined binary while the secondary is component B.
2. OBSERVATIONS AND REDUCTIONS
From 1981 August through 1995 September, 42 highdispersion spectrograms, 38 of them showing double lines,
were obtained at red wavelengths. The two observations in
1981 were made at McDonald Observatory with the 2.7 m
telescope, coudé spectrograph, and a Reticon detector. The
spectra were centered at 6430 Á and have a resolution of
0.33 A. From 1983 until the present the observations were
obtained at Kitt Peak National Observatory (KPNO). The
first three KPNO observations were obtained with the coudé
feed telescope, coudé spectrograph, and an RCA chargecoupled device (CCD) while all the rest used a Texas Instruments CCD detector. The observations usually were centered
in the red at 6430 Â and typically covered a wavelength
range of about 80 Â with a resolution of 0.21 Á. Two recent
observations were centered at Ha and one at the lithium line
at 6707.8 Á. Most of the spectra have signal-to-noise ratios
of 100-250. In addition to the red-wavelength observations,
one spectrogram of the Ca n H and K region was obtained on
1995 September 11. It covers 56 Â at a resolution of 0.21 Â.
The velocities measured from the red-wavelength observations (Table 1) were determined relative to several International Astronomical Union (IAU) radial-velocity standard
stars (Pearce 1957), a Ari, ß Gem, i Psc, and 10 Tau, whose
velocities were taken from the work of Scarfe et al. (1990).
Fekel et a/. (1986) published the radial velocities of the first
16 observations. In the present paper the velocities listed for
those observations are not identical because slightly different
velocities have been assumed for the IAU standards and because four of the observations have been remeasured. Details
of the velocity-reduction procedure have been given by
Fekel et al. (1978).
3. ORBIT
Table 1 lists the Julian dates and velocities for our 42
red-wavelength observations with the orbital phases computed from the time of periastron passage. Included are the
four observations that were obtained when the lines were
blended. A few additional radial velocities of HD 8357 have

270
Table 1. Velocity observations of HD 8357.
HJD 2400000
44832.946
44894.769
45357.623
45360.674
45361.664
45594.980
45595.982
45596.950
45598.881
45716.619
45718.694
45939.946
45942.905
45972.927
45974.884
46077.636
46388.732
46389.785
46390.877
46717.886
47151.776
47152.779
47453.866
47456.917
47809.873
47810.948
47811.890
48162.837
48167.910
48425.982
48576.680
48605.719
48912.901
49249.863
49301.913
49620.816
49621.902
49622.969
49970.879
49970.970
49971.891
49972.895

Phase
0.811
0.133
0.496
0.709
0.778
0.091
0.161
0.229
0.364
0.596
0.741
0.211
0.418
0.517
0.654
0.838
0.590
0.663
0.740
0.604
0.941
0.011
0.063
0.276
0.955
0.030
0.096
0.633
0.988
0.032
0.569
0.599
0.077
0.637
0.276
0.574
0.650
0.724
0.050
0.056
0.121
0.191

VA
(kms-1)
-0.3
44.8
6.7
-3.9
-2.2
46.6
42.7
36.7
15.8-1.8
-3.3
39.2
15.14.0
-3.5
4.5
-1.1
-3.8
-3.5
-1.4
21.038.2
44.8
30.7
24.6“
41.1
47.0
-3.7
33.9
41.2
0.2
-1.4
45.7
-2.7
32.4
-0.1 6
-4.0
-4.3
43.7e
44.7
46.6e
40.9

-Blended, given zero weight
^Lithium
region
e
Ha region

(O-C)*
VB
(km s'1) (km s"1)
-1.1
38.9
-0.9
-17.3
0.5
32.5
0.5
45.7
-0.3
42.4
0.4
-17.4
-1.3
-15.3
-0.5
-6.6
-4.5
-0.5
42.0
0.4
45.2
0.0
-7.4
1.0
-0.3
35.9
0.2
45.5
0.4
36.3
-0.2
41.6
0.2
45.0
0.3
44.9
0.3
42.8
-2.5
0.1
-5.7
0.0
-13.1
-0.7
1.2
-1.9
0.0
-9.9
0.7
-15.8
-0.7
44.4
0.1
0.3
-0.2
-9.7
-0.2
40.7
0.0
42.1
0.0
-15.0
0.5
44.8
1.1
4.0
-0.2
39.56
-0.4
45.0
-0.1
45.2
0.1
-11.7e
0.5
-12.5
0.5
-15.2e
-0.5
-9.6
Notes to TABLE 1

(0-C)B
(km s"1)
-0.5
-1.8
-0.3
0.0
-0.3
-1.3
-1.9
-1.5
0.1
0.3
0.2
0.8
0.6
0.9
0.1
-0.2
-0.1
0.4
0.5
1.2
-0.9
-0.1
0.4
0.3
1.2
0.6
0.8
0.0
0.4
0.5
1.9
-0.8
0.2
-0.3
1.2
1.1
0.8
0.6

been published by other observers (Beavers & Fitter 1986;
Bopp 1984). In those cases, however, the components were
blended, and so those velocities have not been included in
Table 1 or used in the orbital solution.
An initial period of 14.30 days, quite different from the
photometric period, was determined from the radial velocities of the primary with the period-finding program of Deeming (Bopp et al. 1970). Results of periodogram analysis
show that there are no significant period aliases at or near the
photometric period of 12.3 days.
Preliminary orbital elements were computed with a
slightly modified version of the Wilsing-Russell method
(Wolfe et al. 1967). To determine the weights of the two sets
of velocities, separate orbital solutions were obtained for the
primary and secondary with a differential-corrections computer program of Barker et al. (1967). The orbital elements
of the two solutions were quite similar, and so a double-lined
solution was determined (Table 2) with all velocities of the
secondary given a weight of 0.25 relative to those of the
primary and blended velocities given zero weight. Our observed velocities are compared with the computed velocity
curves in Fig. 1. Quantities to be noted in Table 2 include an
eccentricity of 0.185, a mass ratio A/B = 1.22, significantly
different from unity, and the small minimum masses.
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Table 2. Orbital elements of HD 8357.
P
T
7
ka
Kb
e
ub
aA sin t
ob sin t
Ma sin33 t
Ms sin i
Ma/Mb

14.30226 ± 0.00010 days
2446079.950 ± 0.051 JD
18.17 ± 0.07 km s-1
25.37 ± 0.09 km s"11
31.01 ±0.18 km s0.185 ± 0.004
306°.7 ± 1°.4
126°.7 ± Io.4
4.90 ± 0.02 x 1066 km
5.99 ± 0.04 x 10 km
0.139 ± 0.002 Mq
0.114 ± 0.001 Me
1.222 ± 0.008

Standard error of an observation of unit weight = 0.47 km s

1

4. ACTIVITY SIGNATURES
Garcia et al. (1980) reported that HD 8357 has double
absorption features in the Ca n K region but that the K-line
emission feature is dominated by a single component, identified with the stronger-lined star. Bopp (1984) also presented a spectrum of this region but at a single-lined phase.
Femández-Figueroa et al. (1994) obtained three observations
of the H and K lines and commented that the “emission
features remain unshifted during the orbital period.” To
search for evidence of emission from the secondary, on 1995
September 11 we obtained one spectrum of the Ca il H and K
features at phase 0.125, near the descending node (phase
=0.105) of the secondary, when the components have a velocity separation of 62 km s-1, corresponding to 0.8 Â at a
wavelength of 3950 Á. As will be determined below, the
magnitude difference between the two components is —0.3
mag in this wavelength region. Despite absorption lines of
nearly equal strength, the H and K emission lines (Fig. 2)
show no evidence of emission from the secondary. The average velocity of the two emission features is 45.2 km s-1, in
complete agreement with the primary’s absorption lines.
Thus, we concur with Garcia et al. (1980) and FemándezFigueroa et al. (1994) that there is only one active star in the
system. Our observations show that that star has the stronger

Fig. 2. A spectrum of the Ca n H and K region of HD 8357 obtained on
1995 September 11. The vertical axis is in units of counts. The Ca n H and
K and He emission lines of the primary are obvious. No blueshifted emission lines of the secondary are visible.
absorption lines at both blue and red wavelengths.
Ca II H and K and He surface fluxes have been computed
from the recent KPNO spectrum. The procedure outlined by
Linsky et al. (1979) has been used, assuming V—R^O.12
for the primary. The fluxes have not been corrected for a
photospheric contribution, which is negligible, but have been
corrected for the continuum of the secondary, assuming a
magnitude difference of 0.3 mag at 3950 A. Such a correction increases the fluxes by a factor of 1.76, resulting in
log F(K)=6.88, log F(H)=6.52, and log F(Hé)=6.15.
Those fluxes are similar to but less than those found by Bopp
(1984) and Femández-Figueroa et al. (1994). Comparison of
the fluxes with Fig. 6 of Strassmeier et al. (1990) indicates,
as expected, that HD 8357 is one of the most active late-type
systems.
As originally shown by Liu & Tan (1984), the Ha profile
is in emission and varies in strength. Fekel et al. (1986)
found that the emission above the continuum is associated
with the primary while the secondary has a weak absorption
feature in the combined spectmm. On our most recent observing mn in 1995 September, we obtained two spectra of
the Ha region. Although the general shape of the profiles
appears similar to those shown by Fekel et al. (1986), the Ha
emission equivalent width above the continuum is only about
60 mÂ for each observation, about a factor of 5-8 less than
the equivalent widths of Fekel et al. (1986) or Liu & Tan
(1984).
5. SPECTRAL TYPES AND LUMINOSITY RATIO

Orbital Phase
Fig. 1. A plot of the computed radial velocities of HD 8357 compared with
the observations. Filled circles represent velocities of the subgiant primary
while open squares represent the secondary. Four blended velocities are
shown as open circles. Phase is computed from periastron passage.

In their discovery paper Garcia et al. (1980) suggested
that HD 8357 is an RS CVn binary, and this identification
has propagated through the literature. However, the
Strömgren photometry of Giménez et al. (1991) and Olsen
(1993), and the large proper motion of the system suggest
that the stars might be K dwarfs. If so, it would be more
appropriate to assign the system to the BY Draconis class of
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Fig. 3. A red-wavelength spectrum of HD 8357 in the 6430 Â region is shown as pluses. Superposed as a continuous curve are weighted spectra of HR 493
and HR 5019 for the primary and secondary, respectively. The vertical axis is relative intensity. The rest wavelengths of several line pairs are identified.
variables. As it turned out, the spectral types of the two stars
proved to be a tough nut to crack.
The spectral types were determined with a spectrumaddition technique used by Strassmeier & Fekel (1990).
They identified several luminosity-sensitive and temperaturesensitive line ratios in the 6430-6465 Â region and used
them, along with the general appearance of the spectrum, as
spectral-type criteria. In addition, for K dwarfs the strength
of the wings of the saturated lines in this wavelength region
is a useful criterion. The spectra of G5-K5 dwarf and subgiant reference stars from the list of Keenan & McNeil
(1989) were obtained. The comparison spectra were created
by a computer program developed by Huenemoerder &
Barden (1984) and Barden (1985). Various combinations of
reference-star spectra were rotationally broadened, shifted in
radial velocity, appropriately weighted, and added together
in an attempt to best reproduce the spectrum of HD 8357 in
the 6430 Â region.
Since the primary is the more massive and stronger-lined
star, it was initially assumed to be either a G-K subgiant or
a G-K dwarf with an earlier spectral type than the secondary. Subgiants do a rather poor job of fitting the critical line
ratios of 6449 Â/6450 Â and 6455 Á/6456 Á. After appar-

ently eliminating the subgiants, various combinations of
dwarf stars were tried but none were particularly satisfactory
because the strongest lines of the secondary show little or no
wings. Finally, the best fit to the primary, HR 493 (Kl V,
Keenan & McNeil 1989) was subtracted and the spectrum of
the secondary was examined separately. From the 6400 Â
blend, the 6430 Â/6432 Â ratio, and a couple other line
ratios, it became clear that the spectral class of the secondary, the star with the weaker lines, is earlier than that of the
primary. Its spectrum is fitted best by HR 5019 (G6.5 V,
Keenan & McNeil 1989). Taylor’s (1994) averaged values of
[Fe/H] indicate that both reference stars have solar abundances. While the K-dwarf spectrum fits the primary best,
that component must be significantly more luminous than an
early-K dwarf. It is apparently a low-mass subgiant and not
as luminous as the subgiant reference stars. Thus, the best
classification is Kl IV for the primary and G7 V for the secondary.
A relative-intensity combination of 0.70 of HR 493 (component A) and 0.30 of HR 5019 (component B) provides the
best fit to HD 8357 (Fig. 3) and results in a continuum ratio
B/A=0.43. To determine the luminosity ratio, the intrinsic
line-strength ratio must be taken into account since the in-
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Table 3. Model (A V=0.75 mag) and observed colors of HD 8357.
Model

V
(mag)

U-B
(mag)

B-V
(mag)

V-R
(mag)

R-I
(mag)

Kl IV
G7 V
K1IV + G7V
Observed

7.68
8.43
7.24
7.24

0.68
0.29
0.52
0.39

0.93
0.71
0.85
0.86

0.72
0.57
0.67
0.74

0.47
0.37
0.44
0.56

trinsic line strength of the cooler primary is greater than that
of the hotter secondary. A direct comparison of the Fe I line
strengths of HR 493 relative to HR 5019 results in a linestrength ratio of 1.09, which revises the luminosity ratio in
the 6430 Â region to 0.47 or a magnitude difference of 0.82
mag. Such a wavelength is about 0.6 of the way between the
central wavelengths of the V and R bandpasses. Guided by
the colors of such stars we find AV=0.75 mag.
It is instructive to compare the above spectral types with
those derived from photometric colors (Cutispoto 1995). Average colors in the Johnson system have been determined by
Hall etaL (1982), Oja (1991), and Cutispoto (1991, 1995).
Cutispoto (1995) found a fairly good fit to his observed colors with spectral types of Kl/2 IV and F8 V. Although the
photometric spectral type of the primary assigned by Cutispoto is essentially identical to our spectroscopic classification, it is fortuitous since his F8 V spectral type is nearly a
full spectral class earlier than our classification and is clearly
incompatible with our spectra.
Table 3 compares the observed colors of HD 8357 with a
model consisting of a Kl IV plus G7 V and with A V=0.75
mag. The assumed colors of the Kl IV and G7 V components are from Johnson (1966). Since Johnson does not list
colors for subgiants, the colors were interpolated and are
one-fourth of the way between those of a Kl V and K1 III.
From this model the magnitude difference at 3950 Â is 0.3
mag. Such a magnitude difference is consistent with the
similar strength correlation-function peaks shown by Garcia
et al (1980).
Note that the observed colors show blue and infrared excesses compared to the model. Many chromospherically active systems have such excesses (e.g., Eggen 1976). In fact,
Fekel et al. (1986) have argued that V-R and R-I color excesses are a general property of chromospherically active
systems and that the B — V color is probably the best indicator of spectral type. Thus, photometric spectral types derived
for the components of chromospherically active compositespectrum systems (e.g., Tagliaferri et al 1994; Cutispoto
1995) from the colors in several bandpasses are misleading
and questionable at best and should not be assigned. In addition, because of the excesses, the colors of single chromospherically active systems may mimic those of compositespectrum systems, suggesting that the spectra of two stars
may be seen when only one spectrum is actually visible.
6. PROJECTED ROTATIONAL VELOCITY
Besides the values of v sin i found in Fekel et al (1986)
and Strassmeier et al (1993), there is one other measurement

in the literature. Huisong & Xuefu (1987) observed HD 8357
but gave only one value, v sin ¿=0 km s-1.
Because the spectrum of HD 8357 contains the lines of
two late-type stars, weak unblended lines are hard to find,
and each component’s lines are diluted by the continuum of
the other star, making a determination of the v sin i values
difficult. From spectra that have the highest signal-to-noise
ratios a new value for each component has been determined
with the procedure discussed in Strassmeier et al (1990).
With assumed macroturbulences of 2 and 3 km s“1 Gray &
Nagar 1985; Soderblom 1982) for the primary and secondary, respectively, the v sin / values are 6.5±2 and 3.5±2
km s-1. Those values are the average of six spectra, and the
errors are estimated. Although there has been no study of
macroturbulence in very active stars, one might anticipate
that the macroturbulence of such stars would be enhanced
compared to that of inactive stars of similar spectral type. An
increased macroturbulence of 5 kins-1 for the primary results in a u sin i of 4.5 km s-1, which is at the limit of our
estimated uncertainty. Since unblended weak lines are so difficult to find, the true projected rotational velocities, particularly for the secondary, may be smaller than the measured
averages.
7. LITHIUM ABUNDANCES
Although several authors have determined lithium abundances for a significant number of chromospherically active
stars (e.g., Liu et al 1993; Randich et al 1993; Randich
et al 1994), HD 8357 was not included in those studies.
Thus, one spectrum of the lithium region was obtained on
1994 September 26. The lithium line of the primary is clearly
visible and has an equivalent width of 89 mÂ. Correcting for
dilution due to the continuum of the secondary results in an
equivalent width of 127 mÂ. From the temperatures of K
dwarfs and subgiants found by Bell & Gustafsson (1989) an
effective temperature of 5000 K has been assumed for the K
subgiant. According to Table 2 of Soderblom et al. (1993),
that temperature and the computed lithium equivalent width
result in log 6(Li)=2.0. An uncertainty of 0.3 is estimated
from temperature and equivalent width uncertainties. The
upper limit for the measured lithium equivalent width of the
secondary is 3 mÀ or a corrected value of 10 mÂ. With an
assumed effective temperature of 5600 K its log 6(Li)^1.35.
While solar-type population I stars are believed to have
begun their lives on the main sequence with a lithium abundance of log 6(Li)~3.0-3.3, lithium is slowly destroyed
when it reaches regions with temperatures hot enough for
nuclear reactions. Standard theoretical models (Iben 1967)
indicate that by the time a low-mass star reaches the base of
the red giant branch destruction and dilution of surface
lithium have reduced its abundance by a factor of —10. Such
a theoretical prediction is consistent with our log abundance
of 2.0. However, Randich et al (1995) presented preliminary
results of a survey of lithium in 71 field subgiants. All their
subgiants with temperatures less than 5500 K have
log e(Li)^1.4. Such an abundance is significantly less than
the abundance of HD 8357 A. If it can be shown that many
of the subgiants of Randich et al. (1995) are low-mass stars
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having masses below the lithium dip (Boesgaard & Tripicco
1986), the lithium abundance of HD 8357A would suggest
that it is lithium rich.
8. DISCUSSION
In his search for overlooked stars that might have distances less than 25 pc from the Sun, Halliwell (1979) listed
HD 8357, although among his less probable prospects. If
My=5.5 mag (Corbally & Garrison 1984) and V=8.43 mag
for the G7 V star, the distance to HD 8357 is 39±4 pc or a
parallax of 0.026". HD 8357 is listed as number 6454 in the
Hipparcos Input Catalogue (Turón et al. 1992). Thus, an improved parallax may be available once the satellite data is
analyzed.
The age of the system can be gauged from theoretical
tracks and cluster ages. Interpolating the solar-abundance
models of Schaller al (1992) results in an age of 8.3 Gyr.
For M67 and NGC 188 ages of 3.5-6 and 6-8 Gyr (Demarque et al 1992), respectively, have been determined recently from theoretical isochrone fitting. The turnoff mass
for M67 is 1.25
(Balachandran 1995) while that for
NGC 188 is about 1.1
suggesting an age of 7 Gyr. An
approximate age of 7-8 Gyr indicates that HD 8357 is significantly older than the Sun. Its Í7, T, W space velocities in a
right-handed coordinate system, computed from the proper
motions of Röser & Bastian (1991) and our radial velocity
and parallax, are —41, 26, and 12 km s-1, respectively. Such
velocities are consistent with its estimated age and a star of
the intermediate-disk population.
The various theories of orbital circularization and rotational synchronization (e.g., Zahn 1977; Tassoul & Tassoul
1992) disagree significantly on absolute time scales, but they
do agree that synchronization should occur first. Although
the orbit of HD 8357 has not yet been circularized, the primary is rotating pseudosynchronously (Hall 1986). That HD
8357 has a significant eccentricity of 0.185 is not particularly
surprising for a chromospherically active binary with a period greater than 10 days. Strassmeier et al. (1993) list 30
systems with orbital periods between 10 and 20 days, 13 of
which have eccentricities greater than 0.05.
If a mass for the main-sequence G star is assumed, the
mass of the K subgiant and the orbital inclination can be

determined. From Table B1 of Gray (1992) the secondary’s
mass is 0.92 .yMQ. This results in a mass of 1.12
f°r the
primary, indicating that it originally had a main-sequence
spectral class of F9 or GO. Such masses result in a rather low
orbital inclination of 30°.
As with other chromspherically active stars, the photometric period of HD 8357 varies slightly from season to
season (e.g., Strassmeier et al. 1989). Identifying a photometric period of 12.3 days (Hall et al. 1982) as the rotational
period of the primary and assuming v sin ¿=6.5 km s-1, result in a minimum radius of 1.6 RqHut (1981) concluded that tidal evolution would cause the
time scales for pseudosynchronization and for the alignment
of the rotational and orbital axes to be similar. From preliminary data of HD 8357 Stawikowski & Glebocki (1994) concluded that the rotational inclination of the primary and the
orbital inclination are essentially identical. If the orbital and
rotational inclinations are both 30°, the radius of the primary
is 3.2 R0 • The evolutionary models of Schaller et al. (1992)
predict a smaller radius of 2.4 Rq, resulting in a larger rotational inclination of 41°. Unless the actual radius of the
subgiant is somewhat less than 2.4 R0> ^ two axes are
close to parallel.
As a double-lined binary whose components are in different evolutionary states, HD 8357 is of particular interest, and
additional observations and analyses would be useful. The
spectral lines of both components are relatively narrow compared with many other chromospherically active stars, so the
system could profit from spectrum synthesis. Such an analysis should enable more accurate temperatures to be determined for the stars. That information and a parallax from the
HIPPARCOS satellite would lead to an improved determination of the radii and a better understanding of the system.
I thank Suchitra Balachandran for useful discussions and
Greg Henry for reading an earlier version. Bemie Bopp helpfully provided his original flux calculations for comparison. I
thank the referee for some useful suggestions. This research
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